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A technique for transferring data in a digital signal process-
ing system is described. In one example, the digital signal
processing system comprises a number of fixed function
accelerators, each connected to a memory access controller
and each configured to read data from a memory device,
perform one or more operations on the data, and write data
to the memory device. To avoid hardwiring the fixed func-
tion accelerators together, and to provide a configurable
digital signal processing system, a multi-threaded processor
controls the transfer of data between the fixed function
accelerators and the memory. Each processor thread is
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allocated to a memory access channel, and the threads are
configured to detect an occurrence of an event and, respon-
sive to this, control the memory access controller to enable
a selected fixed function accelerator to read data from or
write data to the memory device via its memory access
channel.
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1
DIGITAL SIGNAL PROCESSING DATA
TRANSFER

BACKGROUND

Digital signal processing is used in a wide variety of
applications. Many of these applications are real-time in the
sense that the time constraints exist on the processing of the
data in order for it to be meaningful or useful to an end user.
An example of this is digital broadcast streams, such as
digital television and digital radio. The digital signal pro-
cessing system needs to be capable of processing and
decoding the real-time streams rapidly enough to enable the
data to be output as quickly as it is received (barring
buffering).

Digital signal processing systems often utilise one or
more dedicated hardware peripherals in addition to more
general purpose digital signal processors. The hardware
peripherals are processing blocks that are designed to per-
form a specific signal processing task (e.g. a particular type
of error correction) in a rapid and efficient manner. A digital
signal processing system can directly connect (i.e. hardwire)
the hardware peripherals together in a defined sequence in
order to meet the needs of a particular type of real-time data.

However, the requirements of different types of real-time
data can vary significantly. For example, the various differ-
ent digital television and radio standards used around the
world often have the real-time data structured differently,
e.g. using different types or parameters for coding, inter-
leaving, equalisation etc. Therefore, if dedicated inter-con-
nected hardware peripherals are used, then a different digital
signal processing system needs to be constructed for each
type of real-time data.

The embodiments described below are not limited to
implementations which solve any or all of the disadvantages
of known digital signal processing systems.

SUMMARY

This Summary is provided to introduce a selection of
concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid
in determining the scope of the claimed subject matter.

A technique for transferring data in a digital signal
processing system is described. In one example, the digital
signal processing system comprises a number of fixed
function accelerators, each connected to a memory access
controller and each configured to read data from a memory
device, perform one or more operations on the data, and
write data to the memory device. To avoid hardwiring the
fixed function accelerators together, and to provide a con-
figurable digital signal processing system, a multi-threaded
processor controls the transfer of data between the fixed
function accelerators and the memory. Each processor
thread is allocated to a memory access channel, and the
threads are configured to detect an occurrence of an event
and, responsive to this, control the memory access controller
to enable a selected fixed function accelerator to read data
from or write data to the memory device via its memory
access channel.

According to one aspect, there is provided a digital signal
processing system, comprising: a memory device; a memory
access controller providing a plurality of channels for
accessing the memory device; a plurality of fixed function
accelerators, each connected to the memory access control-
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ler and each configured to read data from the memory device
via one of the channels, perform one or more operations on
the data, and write data to the memory device via one of the
channels; and a processor coupled to the memory access
controller and configured to execute a plurality of threads,
each thread arranged to control one of the channels, wherein
at least one of the threads is configured to detect an occur-
rence of an event and, responsive thereto, control provision
of data from the memory device to a selected fixed function
accelerator using the thread’s associated channel.

According to another aspect, there is provided a method
of transferring data in a digital signal processing system,
comprising: executing a plurality of threads on a processor,
wherein each thread independently performs a sequence of
operations comprising: waiting until a predefined event is
detected; and responsive to the predefined event, controlling
a memory access controller to enable a fixed function
accelerator to read data from or write data to a memory
device via a memory access channel associated with that
thread.

The methods described herein may be performed by a
computer configured with software in machine readable
form stored on a tangible storage medium e.g. in the form of
a computer program comprising computer program code for
configuring a computer to perform the constituent portions
of the described methods. Examples of tangible (or non-
transitory) storage media include disks, thumb drives,
memory cards etc. and do not include propagated signals.
The software can be suitable for execution on a parallel
processor or a serial processor such that the method steps
may be carried out in any suitable order, or simultaneously.

This acknowledges that firmware and software can be
valuable, separately tradable commodities. It is intended to
encompass software, which runs on or controls “dumb” or
standard hardware, to carry out the desired functions. It is
also intended to encompass software which “describes” or
defines the configuration of hardware, such as HDL (hard-
ware description language) software, as is used for designing
silicon chips, or for configuring universal programmable
chips, to carry out desired functions.

The above features may be combined as appropriate, as
would be apparent to a skilled person, and may be combined
with any of the aspects of the examples.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will be described, by way of example, with
reference to the following drawings, in which:

FIG. 1 illustrates a configurable digital signal processing
system,

FIG. 2 illustrates a sequence of operations performed by
the configurable digital signal processing system for an
example real-time signal;

FIG. 3 illustrates a control signalling structure for the
configurable digital signal processing system;

FIG. 4 illustrates an example event flag engine structure;

FIG. 5 illustrates a flow diagram of a method performed
by a thread to act on an event in the control signalling
structure;

FIG. 6 illustrates an example thread-based configuration
and transfer of data for a hardware peripheral; and

FIG. 7 illustrates an example set of queues, flags and
instructions for controlling the hardware peripheral of FIG.
6.
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Common reference numerals are used throughout the
figures to indicate similar features.

DETAILED DESCRIPTION

Embodiments are described below by way of example
only. These examples represent the best ways of putting the
embodiments into practice that are currently known to the
Applicant although they are not the only ways in which this
could be achieved. The description sets forth the functions of
the example and the sequence of steps for constructing and
operating the example. However, the same or equivalent
functions and sequences may be accomplished by different
examples.

Described below is a configurable digital signal process-
ing system that makes use of both general purpose digital
signal processors as well as specialised hardware peripher-
als, which avoids hardwiring these elements into a particular
structure and hence avoids limiting the configurability of the
system. This is achieved by using a fast data transfer system
to enable a hardware peripheral to be configured and used to
process data in a rapid and efficient manner. This utilises a
combination of a multi-threaded processor to control
memory transfers to and from the hardware peripherals, and
an efficient signalling system to enable the system elements
to communicate the occurrence of events. This enables the
digital signal processing system to be sufficiently configu-
rable to be adapted to different standards, whilst maintaining
the computational performance needed to handle real-time
data.

Reference is first made to FIG. 1, which shows the
structure of an example configurable digital signal process-
ing system. The system comprises a memory device 102,
which is used for the storage of data. In the example of FIG.
1, the memory device 102 can be used to store both data
being processed and configuration data for operating the
digital signal processing system. In other examples, these
two types of data can be split between different memory
devices. The memory device 102 can be any suitable form
of random access memory (RAM).

Connected to the memory device 102 is one or more
digital signal processors (DSPs) 104. The DSPs 104 are
processors that are programmable to perform signal process-
ing calculations on data, such as, for example, fast fourier
transforms and equalisation. Whilst not considered general-
purpose processors, the DSPs 104 are more configurable
than the hardware peripherals described below. The DSPs
104 execute program code/instructions to read data from the
memory device 102, perform signal processing operations
on the data, and write data back to the memory device 102.

Also connected to the memory device 102 is a memory
access controller 106, which provides access to the memory
device 102 for a plurality of hardware peripherals 108. In
some examples, the memory access controller 106 can be in
the form of a direct memory access (DMA) controller. The
memory access controller 106 provides a plurality of
memory access channels (e.g. DMA channels) that can be
used by the hardware peripherals 108 to enable the reading
or writing of data from or to the memory device 102. Note
that in addition to transferring data between a hardware
peripheral and the memory device, the memory access
controller can also be configured in some examples to
transfer data directly from one hardware peripheral to
another hardware peripheral.

As noted above, the hardware peripherals 108 are spe-
cialised, dedicated hardware blocks that are configured to
perform a particular signal processing task. For example,
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one hardware peripheral may be a specialised Viterbi decod-
ing block, and another one may be a specialised deinter-
leaving block. The hardware peripherals may also be known
as fixed function accelerators. Each of the hardware periph-
erals operates independently of each other. The hardware
peripherals may be sufficiently configurable to be provided
with operational parameters specific to their task, but they
are not sufficiently configurable to change their task (e.g. a
Viterbi block cannot be reconfigured as a deinterleaving
block). Therefore, the hardware peripherals are more spe-
cialised to a particular task than the DSPs 104. However, the
hardware peripherals are arranged to perform their special-
ised tasks in a very rapid and efficient manner.

Also connected to the memory device 102 is a general
control processor 110, which can be used to initialise,
configure and control the operation of the digital signal
processing system, as described in more detail below.

The digital signal processing system described above
provides flexibility in the signal processing operations. For
example, the system can be arranged to operate such that the
different DSPs 104 and hardware peripherals 108 process
the data in any desired configuration or sequence. Each
hardware peripheral or DSP can operate on one or more
blocks of data (also referred to herein as a buffer of data)
provided by other parts of the system and stored in the
memory device, and generates and stores one or more
buffers of data to be used by other elements of the system.
This enables the digital signal processing system to be used
for a variety of different types of signal, e.g. for different
broadcast/telecommunication standards.

FIG. 2 illustrates how the system of FIG. 1 can be
configured to process a particular type of signal. In the
example of FIG. 2, the system is being used to process an
incoming digital TV signal, purely for illustrative purposes.
A digitised baseband signal is received at the digital signal
processing system, and the system is configured to initially
process this data using a first DSP, denoted DSP(0) 202 to
perform a fast fourier transform (FFT). Following this, a
second DSP, denoted DSP(2) 204 performs equalization and
demapping on the data output from DSP(0) 202. A hardware
peripheral HW(1) 206 then performs deinterleaving on the
data, and this is then passed to another hardware peripheral
HW(3) 208 which performs Viterbi decoding. A further
hardware peripheral HW(0) 210 takes the data from the
Viterbi decoding and performs Reed-Solomon decoding.
The decoded data may then be further processed by addi-
tional DSPs, hardware peripherals or other processors as
needed but not shown in FIG. 2.

The example of FIG. 2 illustrates how the different blocks
of'the system of FIG. 1 can be combined together to form an
overall signal processing system that is suitable for a par-
ticular type of signal. Because the blocks of FIG. 2 are not
hardwired together, but rather exchange data using the
memory device 102 of FIG. 1, the same signal processing
system can be configured to operate in different ways for
different types of signal.

For the system of FIG. 1 to operate in a sequence of the
type shown in FIG. 2, once a hardware peripheral or DSP has
finished processing, the next hardware peripheral that is to
operate on the newly generated data is configured and
activated to perform their processing operation. Any delay in
the configuration and activation of these hardware periph-
erals degrades the system throughput, which is detrimental
in the case of real-time signals. These delays should there-
fore be minimised, and this is achieved through the use of a
control signalling structure as illustrated below with refer-
ence to FIG. 3.
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FIG. 3 shows a control signalling structure for the con-
figurable digital signal processing system that enables the
different elements of the system to pass messages and
signalling in a rapid and efficient manner. This structure also
enables the elements to react quickly to events, so that the
hardware peripherals can be configured and activated when
needed without significant delay.

The configuration and activation of the hardware periph-
erals 108 is controlled by a multi-threaded processor 302,
which can in some examples be referred to as a DMA control
processor (DCP). The multi-threaded processor is arranged
to execute a plurality of threads. Each thread executes a
sequence of instructions or operations independently,
although they may share processor resources and are all part
of a wider process running on the processor 302.

The multi-threaded processor 302 is coupled to the
memory access controller 106 of FIG. 1, and can control the
operation of the memory access controller 106. In some
examples, the multi-threaded processor 302 is a separate
hardware element in communication with the memory
access controller 106, whereas in alternative examples the
multi-threaded processor 302 is integral with the memory
access controller 106.

In the following, the threads of the multi-threaded pro-
cessor 302 are denoted DCP(0), DCP(1), . . ., DCP(k). Each
thread is arranged to directly control one of the memory
access channels (DMA channels) provided by the memory
access controller 106. In other words, each thread is able to
control the transfer of data to or from one or more of the
hardware peripherals 108 and the memory device 102 via its
associated memory access channel.

The multi-threaded processor 302 is connected to an event
flag engine 304, which is described in more detail below.
The event flag engine 304 is arranged to notify the multi-
threaded processor 302 when specified events occur within
the digital signal processing system. The threads can read
the information from the event flag engine 304 and react to
them accordingly. For example, a thread can execute a
“wait” instruction that causes the execution of that thread’s
operations to pause until an event (notified by the event flag
engine) occurs. When the event does occur, this causes the
thread to activate and execute the thread’s instructions/
operations following the wait instruction.

This can be used to rapidly transfer data to and from the
hardware peripherals. A particular thread can be arranged to
wait for an event (such as a previous system element
finishing processing), and, responsive to the event occurring,
control the memory access controller to transfer configura-
tion data and the data to be processed to a hardware
peripheral using its associated memory access channel.
Another thread can then be arranged to wait for the data to
be processed by the hardware peripheral, and then control
the memory access controller to transfer the processed data
back to the memory device using its associated memory
access channel. An example of this will be described in more
detail with reference to FIGS. 5 to 7 below.

A contention management technique can be implemented
by allocating a priority to each thread. For example, as noted
above, each thread is allocated a sequential identifier from O
to k. In the case where the execution of more than one thread
at the same time clashes such that they cannot all perform
their operations, then priority is given to the thread with, for
example, the lowest identifier. Clearly, in alternative
examples, a different priority system can be applied, such as
the highest identifier. The system can then be configured
such that the most important or system-critical hardware
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6

peripherals are handled by the highest priority threads to
ensure that they will be served in the case of contention.

By having each of the memory access channels managed
by an independently executing thread, the response time is
significantly faster than if a normal, single-threaded proces-
sor was managing all the transfers of data to/from the
hardware peripherals. Furthermore, the threads can be
arranged to have the wait instruction placed at a point in its
control software that reduces the delay before the next
system element is activated. For example, as many opera-
tions as possible can be placed before the wait instruction,
to allow these to be performed by the thread in advance of
waiting for the event, thereby reducing the number of
operations that need to be performed after the event occurs.
In other words, pre-calculations can be performed by the
threads where possible.

In addition to the multi-threaded processor 302, the DSPs
104 and the general control processor 110 also receive inputs
from the event flag engine 304, enabling these elements to
react to events as well. This is outlined in more detail below.

To enable the elements of the digital signal processing
system to react to events, an efficient signalling system is
used to allow communication between the different elements
of the system. The signalling system is based on a set of
queues 306 that carry signals between parts of the system. In
examples, the queues 306 can comprise a plurality of FIFO
queues.

Each queue can hold a plurality of data items which relate
to information to be passed from one element of the system
to another. For example, the information in the queue can
indicate that data is ready to be processed by a particular
hardware peripheral or DSP. The data items can be in the
form of, for example, an instruction address or other iden-
tifier, a branch label, a memory address, or any other type of
information that a system element wishes to pass to another
element.

The data items can be written to the queues by the
multi-threaded processor 302, the DSPs 104, or the general
control processor 110. In addition, the data item at the head
of any of the queues can be read by the multi-threaded
processor 302, the DSPs 104, or the general control proces-
sor 110, and the data item at the head of any of the queues
can be removed by any of these system elements. The
multi-threaded processor 302, the DSPs 104, and the general
control processor 110 read, write and/or modify the queues
306 using a data bus. Access to the bus is managed by a bus
arbiter 308, which handles bus contention.

Each queue has associated notification logic (not shown in
FIG. 3). The notification logic is arranged to assert a flag (or
any other suitable binary indicator) to indicate when its
associated queue contains at least one item. In other words,
the flag indicates whether its associated queue is empty or
not.

The flags from the notification logic of the queues are
provided to the event flag engine 304. The event flag engine
304 can also receive input in the form of further flags
indicating, for example, the state of a hardware peripheral or
a port. In general, the event flag engine 304 acts as a matrix
or mesh, tying up the queues to the processing elements that
act upon the information in the queues. In some examples,
the connectivity of the event flag engine 304 between the
queues and the threads and DSPs can be configured by the
general control processor 110.

An example of the type of configurable logic that can be
applied to the event flag engine 304 can be seen in FIG. 4.
In some examples, any DCP thread can inspect the state of
any flag provided to the event flag engine, as indicated at
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402. This enables any thread to be configured to wait for any
flag to be asserted (indicating the presence of an item in a
particular queue). In addition or alternatively, layers of
Boolean logic can be applied to the flags to enable the
various flags to be combined, such that an event is notified
to a system element only in a defined set of circumstances.

For example, FIG. 4 illustrates a combination of logic
gates 404 that are used to provide an event notification to
DSP(0). In other examples, similar combinations of gates
can be used to provide event notification to any other
processing element, such as the DCP threads on the multi-
threaded processor 302, the general control processor 110 or
other DSPs 104. In the example of FIG. 4, the gates 404 are
constructed from a layer of AND gates followed by a layer
of OR gates, with configurable connections in between.

In this example, a first AND gate 406 receives input from
a flag associated with a queue denoted Q1 and a flag
associated with a queue denoted Q3. Therefore, if both of
these flags are asserted, indicating that both these queues
have items in them, then the output of the AND gate 406 is
true. Similarly, a second AND gate 408 receives input from
a flag associated with a queue denoted Q7 and another flag
not associated with a queue, for example indicating the state
of a hardware peripheral and denoted F3. Again, if both of
these flags are asserted, then the output of the AND gate 408
is true.

The outputs from the two AND gates 406, 408 are
provided to an OR gate 410. The OR gate 410 also receives
a third input from another queue flag denoted Q12 directly,
without passing through an AND gate. Therefore, the output
of'the OR gate 410 is asserted whenever one or more of the
three inputs are asserted. This output from the OR gate is
provided to DSP(0) (in this example) and used to indicate an
event and trigger an action.

In some examples, the system element receiving the
output from the OR gate may want to know which input or
inputs to the OR gate caused the output to be asserted. This
is because the element may perform different operations in
dependence on what caused the OR gate output to be
asserted. To enable this, additional logic (not shown in FIG.
4) can be included to indicate this to the processing element.
For example, this can be in the form of a multiplexer.

Furthermore, because more than one input to the OR gate
can be asserted at the same time, a priority system can be
applied to OR gate inputs to decide which event the system
element will react to. For example, in FIG. 4, the OR gate
410 has three inputs, and of these, the top input 412 (as
shown) is allocated the highest priority, the bottom input 414
the lowest priority, and the middle input 416 has an inter-
mediate priority. Therefore, when the OR gate output is
asserted, the processing element can use the additional logic
to determine which OR gate inputs are asserted and react to
the highest priority one. Because the connections between
the flags, AND gates, and OR gate inputs are configurable,
these can be configured such that the most important flags
are connected to the highest priority input of the OR gate.

The event flag engine structure described above enables a
flexible way for the differing processing elements to be
notified of events occurring in the system (such as informa-
tion waiting in the queues). The use of logic gates is very
fast, ensuring low delay in the notification, and the priori-
tisation of OR gate inputs enable the processing elements to
react to the most urgent events. As noted above, different
combinations of gates and flags from those illustrated can be
configured for any of the system elements, depending on the
system requirements.
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Reference is now made to FIGS. 5 to 7, which illustrate
an example process for how the threads and signalling
structure operate together to configure and utilise a hardware
peripheral to perform some processing on a buffer of data.
Firstly, FIG. 5 shows a high-level flowchart of the operations
performed by a thread executed on the multi-threaded pro-
cessor 302. In step 502, the thread waits for a predefined
event to occur. As noted above, this is defined by the event
flag engine 304, which asserts an output to the multi-
threaded processor 302 under defined conditions. This can
either be in the form of waiting for a particular flag relating
to a queue to be asserted, or waiting for a combination of
flags defined by the logic gates.

It is determined in step 504 whether the event has been
detected. If not, then the thread continues waiting. If the
event is detected, then the thread reads, in step 506, the data
item from the head of the queue (or queues) associated with
the flag (or flags) giving rise to the notification of the event.
The read data item is then removed from the queue (or
queues) in step 508. The data item read from the queue is
then used by the thread to execute instructions associated
with the event in step 510. For example, the data item
determines what sort of operation the thread performs. This
can include, for example, configuring a hardware peripheral
(step 512), transterring data from the memory device to a
hardware peripheral for processing (step 514), and transfer-
ring processed data from the hardware peripheral to the
memory device (step 516). As noted above, the thread uses
its associated memory access channel to transfer data
between the memory device and a hardware peripheral.

Reference is now made to FIG. 6, which illustrates an
example of the type of data that is transferred by the threads
when performing an operation such as that illustrated in FI1G.
5. In this purely illustrative example, hardware peripheral
HW(1) 206 is being configured and used to process a buffer
of data from the memory device 102, and the processed data
is written back to the memory device 102. Example thread
denoted DCP(1) 602 is used to control the transfer of data
into HW(1) 206, and example thread denoted DCP(2) 604 is
used to control the transfer of data out of HW(1) 206. In this
example, thread DCP(1) 602 is acting as the “master”, in that
it is initiating and controlling the operation, and thread
DCP(2) 604 is acting as the “slave” in that it is controlled by
DCP(1) 602. This can be achieved by DCP(1) 602 signalling
to DCP(2) 604 through one or more of the queues 306,
causing DCP(2) to execute the required instructions, as
illustrated in more detail in FIG. 7 below. The hardware
peripheral HW(1) 206 comprises configuration registers 606
that are loaded with data to configure the hardware periph-
eral, and data storage 608 for holding data being processed.
Note that the hardware peripheral data storage 608 may, in
some examples, be an internal buffer, but it can also be in the
form of pipeline buffers that hold the incoming and outgoing
data being processed. The use of the pipeline buffers avoids
the need for the hardware peripheral to hold all the data to
be processed, and it also means that input and output DMA
operations can be run concurrently.

Three blocks of data are stored on the memory device 102
and used in this operation. The first block of data is DMA
configuration data 610. The DMA configuration data 610
comprises data that is loaded into the memory access
controller 106 by a thread in order to configure and initiate
a transfer of data to or from a hardware peripheral. This is
outlined in more detail below. The second block of data is
hardware peripheral register configuration data 612. This
block of data comprises data for configuring the hardware
peripheral to perform a particular task, and it is loaded into
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the hardware peripheral configuration registers 606 by the
memory access controller 106 responsive to particular DMA
configuration data 610. The third block of data is the data
buffers 614 that comprise the data that is to be, or has been,
processed by the hardware peripheral. This is loaded into or
read from the hardware peripheral data storage 608 by the
memory access controller 106 responsive to particular DMA
configuration data 610.

An example operation using the structure of FIG. 6 then
operates as follows. Thread DCP(1) 602 reacts to an event
and causes a block of DMA configuration data 610 denoted
HW1regDMA 616 to be loaded from the memory device
102 into the memory access controller 106. The
HW1regDMA 616 configuration data comprises four items
of data: (i) a memory address in the memory device 102
holding hardware peripheral register configuration data,
denoted HW1regConfigA 618 in this example; (ii) a register
address in the hardware peripheral indicating where the
hardware peripheral register configuration data should be
loaded, denoted HW1regStart in this example; (iii) a mode
indicator to indicate the direction of the transfer, i.e. memory
device to hardware peripheral or vice versa, denoted
mem?2perip in this example; and (iv) a length value indicat-
ing the length of the data being transferred, denoted
HWI1numRegs in this example.

Loading HW1regDMA 616 into the memory access con-
troller 106 causes the memory access controller 106 to begin
transferring the data from the specified memory address
HW1regConfigA 618 (which is part of the hardware periph-
eral register configuration data 612) into the registers 606 of
the hardware peripheral using the memory access channel
associated with thread DCP(1) 602. HW1regConfigA 618
comprises a plurality of data items that configure the regis-
ters of the hardware peripheral to perform the desired task.

Once the hardware peripheral HW(1) is configured in this
way, the thread DCP(1) causes a second block of DMA
configuration data 610 denoted HW1inDMA 620 to be
loaded from the memory device 102 into the memory access
controller 106. The HW1inDMA 620 configuration data
again comprises four items of data: (i) a memory address in
the memory device 102 holding a buffer of data, denoted
HW1ipA 622 in this example; (ii) a register address in the
hardware peripheral indicating where the buffer of data
should be loaded, denoted HW1inReg in this example; (iii)
a mode indicator to indicate the direction of the transfer, i.e.
memory device to hardware peripheral or vice versa,
denoted mem2perip in this example; and (iv) a length value
indicating the length of the data being transferred, denoted
HW1jobLength in this example.

Loading HW1inDMA 620 into the memory access con-
troller 106 causes the memory access controller to begin
transferring the data from the specified memory address
HW1ipA 622 (which is part of the data buffers 614) into the
hardware peripheral data storage 608 using the memory
access channel associated with thread DCP(1) 602. Note that
thread DCP(1) 602 is used for both the configuration data
and data buffer transferred into the hardware peripheral.
HW1ipA 622 comprises the data that is to be operated on by
the hardware peripheral in accordance with its configuration.

The above operations covered the input of data into the
hardware peripheral 206 using DCP(1) 602. DCP(2) 604
controls the transfer of data out of the hardware peripheral
as described below. In some examples, the initiation and
establishment of the memory access channel for transferring
data out from the hardware peripheral can be performed
before data is input to the hardware peripheral, so that it is
ready and in place as soon as the data is processed. The
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thread DCP(1) 602 (the master) causes DCP(2) 604 (the
slave) to control the transfer of a third block of DMA
configuration data 610 denoted HW1loutDMA 624 to be
loaded from the memory device 102 into the memory access
controller 106. The HW1outDMA 624 configuration data
again comprises four items of data: (i) a memory address in
the memory device 102 of a buffer of data, denoted
HW1o0pA 626 in this example; (ii) a memory address in the
hardware peripheral indicating where the buffer of data is
located, denoted HW1outReg in this example; (iii) a mode
indicator to indicate the direction of the transfer, i.e. hard-
ware peripheral to memory, denoted perip2mem in this
example; and (iv) a length value indicating the length of the
data being transferred, denoted HW1jobLength in this
example.

Loading HW1outDMA 624 into the memory access con-
troller 106 causes the memory access controller to begin
transferring the data from the specified hardware peripheral
memory address HW1outReg 622 (which is part of the data
storage 608) into the data buffers 614 of the memory device
102 using the memory access channel associated with thread
DCP(2) 604. Note that thread DCP(2) 604 (not DCP(1)) is
used for transfers out of the hardware peripheral. HW1opA
626 then comprises the data that has been processed by the
hardware peripheral in accordance with its configuration.

Therefore, FIG. 6 illustrates how the movement of data to
and from the hardware peripherals can be managed by the
threads associated with the memory access channels.
Because the configuration of a hardware peripheral is
achieved by a direct memory transfer of a predefined block
of configuration data, this can be performed very rapidly,
minimising configuration delay. Note that whilst the descrip-
tion above for FIG. 6 outlined a particular sequence for the
operations performed, in some examples this sequence can
be different, for example some aspects of the sequence can
be pipelined for faster operation.

Reference is now made to FIG. 7, which illustrates a set
of example queue states and instructions that can be
executed by the threads to implement the same process as
shown in FIG. 6. In this example, column 702 shows the
contents of a queue denoted Q2 (merely for illustrative
purposes). The process in this example starts when an item
“HW1inHandler” is placed on Q2. This can be caused, for
example, by another element of the system completing a task
and generating data ready for further processing by HW(1).
The placing of HW1inHandler on Q2 causes the flag asso-
ciated with Q2 to be asserted, as shown in column 704. This
flag is provided to the event flag engine 304, which is
configured to notify thread DCP(1) of an event. The event
flag engine 304 sets the value of a register denoted ORvec
to indicate which queue gave rise to the flag causing the
event (e.g. from the OR gate inputs as described above). The
state of ORvec is shown in column 706, and this shows that
the queue identity giving rise to the event is 2.

Column 708 shows example pseudocode executed by
thread DCP(1). DCP(1) is configured to execute a routine
with the label “Despatcher” when this event is notified from
the event flag engine 304. The Despatcher code reads the
ORvec value (i.e. 2) and stores this as variable Qnum. It then
reads the item at the head of the queue with identity Qnum
(i.e. Q2) and stores this as variable StartAddrM (this has the
value HW1inHandler). The item at the head of Q2 is then
removed, as shown by the clearing of both the item and flag
of columns 702 and 704 respectively. The Despatcher code
then instructs the thread to jump to a portion of code with the
label read from the queue head, i.e. HW1inHandler.
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The HW1inHandler code controls the configuration and
reading of data into the hardware peripheral. However, it
starts by preparing another thread to manage the output of
data from the hardware peripheral so that this is ready to go
in due course. In other words, DCP(1), the master thread,
triggers a slave thread DCP(2) to prepare to transfer data in
the other direction. This is done by writing a data item
“HW1outHandler” to an example queue Q4, the state of
which is shown in column 710. This causes the flag for Q4
in column 712 to be asserted. The slave thread DCP(2) has
been executing code shown in column 714 labelled “Slave-
Wait” which causes DCP(2) to wait until an item is placed
on Q4. DCP(2) detects the flag for Q4, wakes up, and reads
the item at the head of Q4 into a variable StartAddrS. The
item from Q4 is removed, clearing the queue and the flag.
DCP(2) then jumps to the code label read from the queue,
“HW1outHandler” as described below.

Meanwhile, returning to DCP(1) in column 708, DCP(1)
initiates the configuration of the hardware peripheral HW(1)
with the command StartDMAjob(HW1regDMA). This
causes the configuration block HWlregDMA 616 to be
loaded into the memory access controller 106 and the
configuration transferred to the hardware peripheral, as
described above with reference to FIG. 6. Thread DCP(1)
waits for this to finish, and then initiates the transfer of the
data buffer from the memory device 102 to hardware periph-
eral HW(1) with the command StartDMAjob(HW1inDMA).
This causes the configuration block HW1inDMA 620 to be
loaded into the memory access controller 106 and the data
buffer transferred to the hardware peripheral, as described
above with reference to FIG. 6. The data buffer is then
processed by the hardware peripheral. Again, the thread
waits for this operation to finish, and then waits for notifi-
cation on Q5 that the slave thread DCP(2) has completed.

Returning again to thread DCP(2) in column 714, the
HW1outHandler code is executed in which DCP(2) initiates
the transfer of processed data (when ready) from the hard-
ware peripheral HW(1) to the memory device with the
command StartDMAjob(HW1outDMA). This causes the
configuration block HW1outDMA 624 to be loaded into the
memory access controller 106 and the data buffer transferred
to the memory device 102, as described above with refer-
ence to FIG. 6. Thread DCP(2) waits for this to finish, and
then notifies DCP(1) by writing a value “Finished” to Q5.
This is shown by the state of Q5 in column 716 and its
associated flag being asserted in column 718. Thread DCP
(2) then reverts to waiting by branching back to the label
“SlaveWait™.

As noted above, the master thread DCP(1) has been
waiting for the Q5 flag to be asserted, and responsive to this
it clears Q5 and its flag. Thread DCP(1) then notifies the next
system element that the hardware peripheral operation has
been completed by writing the value of the next start address
(denoted nextStartAddr) to the next queue that is being used
(denoted nextQ). DCP(1) then returns to the Despatcher
code, and the process repeats when Q2 is next written to.

The operations described above show how the execution
threads can react to and use the information on the queues
to manage the configuration and transfer of data to and from
the hardware peripherals. The code is compact and rapidly
executed, yet sufficiently flexible to enable the digital signal
processing system to be configured for different types of
data, hardware peripherals and processing requirements. The
signalling system gives prioritised sharing of the processor
resources, and the processor overhead in dealing with events
is very low, whilst still enabling the system elements to react
to the most important events.
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The term “processor” and “computer” is used herein to
refer to any device with processing capability such that it can
execute instructions. Those skilled in the art will realize that
such processing capabilities are incorporated into many
different devices and therefore the term “computer” includes
set top boxes, media players, digital radios, PCs, servers,
mobile telephones, personal digital assistants and many
other devices.

Those skilled in the art will realize that storage devices
utilized to store program instructions or data can be distrib-
uted across a network. For example, a remote computer may
store an example of a process described as software. A local
or terminal computer may access the remote computer and
download a part or all of the software to run the program.
Alternatively, the local computer may download pieces of
the software as needed, or execute some software instruc-
tions at the local terminal and some at the remote computer
(or computer network). Those skilled in the art will also
realize that by utilizing conventional techniques known to
those skilled in the art that all, or a portion of the software
instructions may be carried out by a dedicated circuit,
programmable logic array, or the like.

Any range or device value given herein may be extended
or altered without losing the effect sought, as will be
apparent to the skilled person.

It will be understood that the benefits and advantages
described above may relate to one embodiment or may relate
to several embodiments. The embodiments are not limited to
those that solve any or all of the stated problems or those that
have any or all of the stated benefits and advantages.

Any reference to “an” item refers to one or more of those
items. The term “comprising” is used herein to mean includ-
ing the method blocks or elements identified, but that such
blocks or elements do not comprise an exclusive list and a
method or apparatus may contain additional blocks or ele-
ments.

The steps of the methods described herein may be carried
out in any suitable order, or simultaneously where appro-
priate. Additionally, individual blocks may be deleted from
any of the methods without departing from the spirit and
scope of the subject matter described herein. Aspects of any
of the examples described above may be combined with
aspects of any of the other examples described to form
further examples without losing the effect sought.

It will be understood that the above description of a
preferred embodiment is given by way of example only and
that various modifications may be made by those skilled in
the art. Although various embodiments have been described
above with a certain degree of particularity, or with refer-
ence to one or more individual embodiments, those skilled
in the art could make numerous alterations to the disclosed
embodiments without departing from the spirit or scope of
the examples.

The invention claimed is:

1. A digital signal processing system, comprising:

a memory device;

a memory access controller providing a plurality of chan-
nels for accessing the memory device;

a plurality of fixed function accelerators, each arranged to
only perform a predefined specialised signal processing
task and not being capable of changing the task per-
formed, each connected to the memory access control-
ler and each configured to read data from the memory
device via one of the channels, perform one or more
operations on the data, and write data to the memory
device via one of the channels; and
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a multi-threaded processor coupled to the memory access
controller and configured to execute a plurality of
threads, each thread arranged to control one of the
channels, wherein at least one of the threads is config-
ured to detect an occurrence of an event and, responsive
thereto, control provision of data from the memory
device to a selected fixed function accelerator using the
thread’s associated channel.

2. A digital signal processing system according to claim 1,
wherein the at least one thread executes a wait instruction
causing the thread to cease executing further instructions
until the event is detected.

3. A digital signal processing system according to claim 1,
wherein the event identifies the completion of an operation
performed by one of the fixed function accelerators or a
digital signal processor.

4. A digital signal processing system according to claim 1,
further comprising a plurality of queues arranged to hold one
or more items written by the multi-threaded processor
responsive to completion of an operation, and notification
logic for each queue arranged to assert a flag to indicate
when its associated queue contains at least one item.

5. A digital signal processing system according to claim 4,
wherein the at least one thread is arranged to detect the
occurrence of the event in dependence on assertion of at
least one of the flags.

6. A digital signal processing system according to claim 5,
wherein the at least one thread is further configured to read
an item from a queue associated with an asserted flag, and
select and configure the selected fixed function accelerator
using the item.

7. A digital signal processing system according to claim 4,
wherein the at least one thread is further configured to write
an item to one of the queues responsive to at least one of:
reading data from the memory device; performing an opera-
tion on the data; and writing data to the memory device.

8. A digital signal processing system according to claim 1,
wherein at least one further thread from the plurality of
threads is configured to detect an occurrence of a further
event and, responsive thereto, control provision of data from
the selected fixed function accelerator to the memory device
a using its associated channel.

9. A digital signal processing system according to claim 1,
wherein the multi-threaded processor is configured to allo-
cate a sequential identifier to each thread in a sequence, and
give priority to a thread based on its identifier in the case that
more than one thread contends for access to the memory
device.

10. A method of transferring data in a digital signal
processing system, comprising:

executing a plurality of threads on a multi-threaded pro-
cessor, wherein each thread independently performs a
sequence of operations comprising:
waiting until a predefined event is detected; and
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responsive to the predefined event, controlling a
memory access controller to enable a fixed function
accelerator to read data from or write data to a
memory device via a memory access channel asso-
ciated with that thread, wherein the fixed function
accelerator is arranged to only perform a predefined
specialised signal processing task and is not capable
of changing the task performed.

11. A method according to claim 10, wherein the pre-
defined event indicates that a further fixed function accel-
erator or a digital signal processor has completed an opera-
tion on the data in the memory device.

12. A method according to claim 10, wherein the pre-
defined event is detected by monitoring a flag, wherein
assertion of the flag indicates occurrence of the predefined
event.

13. Amethod according to claim 12, wherein the sequence
of operations further comprises: reading event information
from a queue associated with the asserted flag responsive to
detecting the predefined event.

14. A method according to claim 13, wherein the sequence
of operations further comprises: removing the event infor-
mation from the queue subsequent to reading the event
information.

15. A method according to claim 13, wherein the step of
controlling a memory access controller comprises: using the
event information to transfer configuration data from the
memory device to the memory access controller.

16. A method according to claim 15, wherein the con-
figuration data comprises parameters arranged to cause the
memory access controller to perform at least one of:

a transfer of configuration data from the memory device

to the fixed function accelerator;

a transfer of a block of data from the memory device to

the fixed function accelerator for processing; and

a transfer of a block of processed data from the fixed

function accelerator to the memory device.

17. A tangible computer readable medium comprising
computer program code to configure a computer to perform
a method comprising

executing a plurality of threads on a multi-threaded pro-

cessor, wherein each thread independently performs a

sequence of operations comprising:

waiting until a predefined event is detected; and

responsive to the predefined event, controlling a
memory access controller to enable a fixed function
accelerator to read data from or write data to a
memory device via a memory access channel asso-
ciated with that thread, wherein the fixed function
accelerator is arranged to only perform a predefined
specialised signal processing task and is not capable
of changing the task performed.
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